Objective Use of computed tomography (CT) continues to increase, but the relatively high radiation doses associated with CT have raised health concerns such as future risk of cancer. We investigated the level of awareness regarding radiation doses and possible risks associated with CT in medical personnel (MP).
INTRODUCTION
The use of computed tomography (CT) has increased rapidly up until the early 2000s, in part as a result of advances in CT technology. 1 CT imaging is a valuable diagnostic technique, but the relatively high radiation doses associated with CT have raised health concerns such as future risk of cancer. 1, 2 In the United States, there has been an apparent decline in use of CT since 2008; the investigators in one study explained that this might be attributable to public awareness and published studies regarding the risks of radiation. 3 In several studies on awareness of radiation doses and possible risks, emergency physicians, radiologists, pediatricians, and pediatric surgeons were unable to provide accurate estimates of radiation doses for CT and their level of awareness of the hazards of radiation was generally low. [4] [5] [6] [7] However, previous studies targeted only a small number of physicians or patients, so the results may not reflect the opinions of other medical personnel, such as nurses and interns. In this study, we investigated the level of awareness regarding radiation doses and possible risks associated with CT among nurses, interns, residents, and specialists in the emergency department (ED).
METHODS

Participants
This study was a cross-sectional survey conducted from April to May 2012. A survey was designed and then distributed to medical personnel, including interns, emergency physicians (residents and specialists), and nurses who worked in the ED of 17 training hospitals.
This study was approved by the research ethics board at the Seoul National University Bundang Hospital.
Survey structure
The questionnaire (Appendix) included demographic characteristics (Q1 and Q2), measurement of the effect of CT or radiography on health using a 10-point numerical rating scale ("none" on the left side and "the most possible" on the right side) (Q3), estimation of the radiation dose for one abdominal CT scan compared with one chest radiograph (Q4), measurement of the belief that the lifetime risk of cancer increases with radiation exposure for medical purposes (Q5), and perception of the increased lifetime risk of cancer with CT scan in different cases (Q6 to Q9). The questions about lifetime risk of cancer associated with use of CT were developed on the basis of a reference article. 1 The last 2 questions addressed previous knowledge regarding the risk of radiation exposure due to medical purposes and the route by which this information was obtained (Q10 and Q11).
Responses were elicited through multiple choice questions except Q3 (measurement of the effect of CT or radiography on health).
Data analysis
Data were analyzed using the statistical package PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA). Values for continuous vari- The possibility of computed tomography or radiography affecting health was rated most highly by specialists (6.1 ± 2.7), followed by nurses, residents, and interns, respectively (6.0 ± 2.2, 5.9 ± 2.7, and 4.8 ± 2.7). There were significant differences between interns and other medical personnel. NRS, numerical rating scale. *P < 0.05. 
What is already known
RESULTS
The questionnaire were completed by 354 (34.3%) of the 1,032 subjects who were invited to participate in the study. In total, 154 (43.5%) of the respondents were male, and the mean age was 29.5 ± 5.2 years. Most of the respondents were nurses (40.1%), followed by residents (24.6%), interns (24.3%), and specialists (11.0%). The effect of CT or radiography on health was rated lowest by interns (Q3) (mean± SD of 4.8± 2.7, 5.9± 2.7, 6.1± 2.7, and 6.0± 2.2 for interns, residents, specialists, and nurses, respectively) ( Fig. 1 ).
Regarding the relative radiation dose for one abdominal CT scan compared with one chest radiograph, only 143 participants (40.4%) replied that the radiation dose for CT was equivalent to that for 1,000 chest radiographs, and there was a significant difference in knowledge about the relative radiation dose for one abdominal CT scan compared with one chest radiograph between physicians and nurses (44.2%, 53.5%, 47.4%, and 28.9% for interns, residents, specialists, and nurses, respectively, P < 0.05) (Fig. 2) . In addition, 49.2% of respondents underestimated the radiation dose for CT (Table 1) . Most respondents (81.0%) believed that the lifetime risk of cancer was increased as a result of exposure to radiation for medical purposes (Table 1) . And most respondents (84.3%) answered that they already knew the risk of radiation exposure for medical purposes; specialists were most knowledgeable about this risk ( Table  1 ). The participants generally gained this knowledge in the hospital (37.2%), followed by mass media (20.6%).
The proportions of correct answers in the different cases (Q6 to Q9) were 25.4%, 35.4%, 24.3%, and 15.1% for interns, residents, specialists, and nurses, respectively, and there was no significant difference among groups (Fig. 3) . The proportions of underestimation of the lifetime risk of cancer with use of CT in the different cases were 64.0%, 42.9%, 66.6%, and 76.9%, respectively (Fig. 4) . Physicians demonstrated greater underestimation of the lifetime risk of cancer in 40-year-old patients (second and fourth cases) as compared with nurses (P < 0.05).
DISCUSSION
The use of CT has increased rapidly, in part because of the advent of fast helical CT, but the relatively higher radiation doses of CT result in an increased lifetime risk of cancer mortality attributable to radiation exposure, especially in children. 8 The possibility of an increased risk of cancer associated with diagnostic CT has been debatable because no epidemiological studies have convincingly shown an increased incidence of cancer associated with low-dose radiation from medical imaging during childhood and adulthood. However, a recently published cohort study showed an increased incidence in leukemia and brain tumor in children and young adults who received more than certain doses of radiation during CT, 2 and more research is currently under way. 9 With this background, efforts to reduce radiation doses should be extensive, and education for medical personnel such as nurses and physicians might be the first step. However, before providing education, there is a need for knowledge about the radiation hazards of CT, and several survey studies have been performed to determine how many medical personnels are aware of the exact radiation dose and potential risk associated with CT. [4] [5] [6] [7] Lee et al. 4 investigated the level of awareness concerning radiation dose and possible risks associated with CT among emergency physicians, radiologists, and patients. They reported that 45% of radiologists, 9% of emergency physicians, and 3% of patients believe there is an increased risk of cancer from CT. They also identified that patients, more than emergency physicians or radiologists, underestimated the relative radiation dose for one CT scan compared with one chest radiograph. In our study, medical personnel (81.0%) were aware of the increased risk of cancer associated with CT; however, 49.2% still underestimated the radiation dose from abdominal CT scan compared with chest radiography. Thomas et al. 5 investigated awareness of radiation dose among pediatricians, and 48% (105/220) of respondents were aware of the article on pediatric CT and radiation. However, only 6% were correct in their estimate of the quoted lifetime excess cancer risk associated with radiation doses equivalent to pediatric CT. Many (87%) of the respondents underestimated the effective doses of various pediatric radiological investigations in chest radiograph equivalents. Although approximately one-half (54%) of pediatric surgeons believed that the lifetime risk of cancer was increased because of radiation from one abdominal/pelvic CT scan, more than 75% of respondents underestimated the radiation dose from a CT scan compared with a chest radiograph. 6 Lee et al. 7 recently
performed research comparing radiologists with non-radiologists about knowledge of radiation exposure in common radiological investigations; they concluded that more radiologists (40%) had accurate knowledge of radiation doses than non-radiologists (16%), but knowledge of radiation doses was generally inadequate in both groups. In our study, 40.6% of medical personnel correctly estimated the effective dose of one abdominal CT compared with one chest radiograph, but only a few respondents (25.4%, 35.4%, 24.3%, and 15.1% in each case) correctly estimated the quoted lifetime risk of cancer associated with radiation doses equivalent to another case, and many respondents (64.0%, 42.9%, 66.6%, and 76.9% in each case) underestimated the lifetime risk of cancer associated with CT. However, these results were better than those in previously reported studies. We could infer that these differences originate from more knowledge over time. Taken together, perceptions about the radiation hazards of CT have increased among medical personnel, but further education is required regarding these hazards.
Supporting increased perceptions about radiation hazards, utilization of CT in pediatric patients in the ED has recently declined in Korea and the United States. 3, 10 However, use of CT in adults in the ED has increased at a rate that far exceeds the growth of ED patient volume. 11 The authors explained this discrepancy with increasing concerns about radiation exposure in the pediatric population and educational efforts regarding limiting use of CT in pediatric patients. 11 We have tried to reduce radiation exposure in young patients in various ways, such as educating others by giving lectures at academic conferences in the emergency medicine community. Several studies have also attempted to reduce the radiation dose with CT in children and young adults by using another approach. We showed that low-dose CT was non-inferior to standard-dose CT with respect to negative appendectomy rates in young adults with suspected appendicitis. 12 Others have shown that CT was avoided in 53% of participants with use of the staged ultrasonography and CT imaging protocol for the accurate diagnosis of suspected appendicitis in children. 13 This study has some limitations. First, this survey targeted nurses and physicians in the ED. Emergency medical personnel have recently been educated about the radiation risk of CT in children, so emergency physicians might be more aware of radiation risk than physicians in other departments. Therefore, these findings are not generally applicable. Additional research should be conducted that targets physicians in other departments and the general public. The low response rate also introduces selection bias.
In conclusion, the perceptions of medical personnel regarding Perception of radiation hazard of CT radiation dose are more accurate than in the past but still seem to be insufficient. Therefore, medical personnel such as nurses and physicians should be better educated about the lifetime risk of cancer associated with CT to reduce the hazards of radiation from CT as much as possible.
